Abstract -Correction factors for sex of the calf, birth type and age of dam have been calculated regarding birth weight (BW), weaning weight (WW) and average daily weight gain (DWG) in the Bruna dels Pirineus breed. Standard deviations were heterogeneous for the two levels of sex and homogeneous for the two levels of birth type. Therefore, multiplicative correction factors were better for the sex of the calf, whereas additive correction factors were better for birth type. An age of dam correction resulted in either homogeneous (WW and DWG) or heterogeneous (BW) standard deviations depending upon the trait considered. It was observed that in general the additive correction was better, although this correction failed to completely homogenise the standard deviations within the levels of age of the dam for the respective variables. correction factors / beef cattle / productive traits / Bruna dels Pirineus Résumé -Facteurs de correction des caractéristiques de poids jusqu'au sevrage dans la race à viande bovine Bruna dels Pirineus. Les facteurs de correction relatifs au sexe du veau, au type de naissance (simple ou gémellaire) et à l'âge de la mère ont été calculés pour ce qui concerne le poids à la naissance (BW), le poids au sevrage (WW) et le gain de poids moyen quotidien (DWG) dans la race Bruna dels Pirineus. Les écarts types ont été hétérogènes pour les deux niveaux correspondant au sexe, et homogènes pour les deux niveaux correspondant au type de naissance. Par conséquent, les facteurs de correction multiplicatifs ont été meilleurs pour le sexe du veau, tandis que les facteurs de correction additifs ont été meilleurs pour le type de naissance. La correction prenant en compte l'âge de la mère a entraîné des écarts types homogènes (WW et DWG) ou hétérogènes (BW). En général, la correction additive a été meilleure, bien que cette correction n'ait pas rendu complètement homogène les écarts types dans les niveaux d'âge de la mère pour les variables étudiées. 
INTRODUCTION
Bruna dels Pirineus, a beef type breed selected from the old Brown Swiss, similar to the American Braunvieh, is used for extensive beef cattle production in the geoclimatic and management conditions of Catalonia (Spain). Historically, weaning weight and daily weight gain until weaning have been considered as important components of on farm testing programs, since the weaned calf represents the main source of income for breeders and farmers [12, 17, 20] . These traits have been used as an indication of the potential for rapid growth of the individual animal and as a measure of the maternal ability of the dam to raise the calf. Furthermore, many authors assert that birth weight is one of the most important factors, and often the most important one, that influence calving difficulty [3, 16, [23] [24] [25] . Calving difficulty increases with an incline in birth weight, leading to a larger perinatal mortality [3] . Thus, the genetic evaluation of animals for productive traits like birth weight (BW), weaning weight (WW) or daily weight gain until weaning (DWG) have become very important for suckling herds. When calves are reared under different environmental conditions, either genetic evaluation by mixed models -BLUP- [13] or by within-herd selection indexes need the knowledge of non-genetic factors that influence the phenotypic value for unbiased predictions. This genetic evaluation requires that non-genetic causes of variation should be eliminated or reduced, and for smaller subclasses, such as sex, birth type or age of the dam, the usual procedure is to use correction factors [10, 15, 26, 30] . These subclasses are consistent for all animals but cannot be fitted into genetic evaluation models because contemporary groups become small [37] . The main factors influencing birth and weaning traits are the sex of the calf, type of birth, region of origin, calving difficulty and age of the dam, year, and month of calving, among others [10, 20, 28] . If all these factors are fitted along with the genetic effects in the mixed model, the effective numbers of the contemporary groups may become severely reduced, causing biased predictions [33, 34] . By applying correction factors to predictable environmental factors, we can increase the effective numbers of the contemporary groups, and so reduce the bias of prediction.
Unfortunately, this situation is usually frequent regarding beef cattle populations. Bruna dels Pirineus is a representative example of beef breeds present in mountainous regions of Europe. In this context, this paper was an attempt to estimate appropriate correction factors to account for the environmental variability in a mountain beef cattle breed. Our results will contribute to the breeding scheme of the Bruna dels Pirineus; in addition they are an endeavour to revise and actualise the literature on correction factors for the beef cattle industry.
MATERIALS AND METHODS
After editing, the analysis was performed on 5925 birth weight (BW) records, 2608 standardised weaning weights (WW), and 2608 records of daily weight gain until weaning (DWG). Weaning weight was standardised to that of 185 days following the Beef Improvement Federation (BIF) formula [4] . The following factors were included in the analysis: a-sex of the calf (S j ): male or female; b-type of birth (BT k ): single or twins; c-region of origin (R i ), including 8 Catalonian regions: Ripollès, Cerdanya, Berguedà, Pallars Jussà, Alta Ribagorça, Solsonès, Osona and Pallars Sobirà; d-calving difficulty (CD l ), with two levels: 1-calving without difficulties (assisted or not), and 2-birth with difficulties or with a veterinarian's help; e-age of the dam at calving (CA m ), including 6 intervals that followed in part the BIF [4] [1985] [1986] [1987] were grouped into the same category (<1988), because the effective number was small. Fixed effects that were not statistically significant were excluded from the final model. Interactions were not included because they led to poor significance levels and their inclusion implied the exclusion of two or more fixed effects.
After the elimination of factors that did not show statistical significance, the assumed operational models were:
Only levels of significance of at least P = 0.01 were accepted, because the errors were not distributed normally within all levels of each factor and also the heterogeneity of standard deviations appeared between the levels of some fixed effects [9] .
Standard deviations for the levels of each fixed effect were calculated using the operational model without the implicated fixed effect. All levels of each fixed effect were analysed separately including only the records that had the level in question. The Generalised Linear Models procedure of SAS [29] calculates the Root MSE and this parameter estimates the standard deviation of the dependent variable [29] .
It has been established that additive correction factors do not change standard deviations within the adjusted group, whereas multiplicative factors increase or reduce the variance in proportion to the square of the factor used, either larger or smaller than unity [1, 5, 10, 15, 26] . Thus, additive corrections will be better when within-level standard deviations are homogeneous, whereas a multiplicative correction will be indicated when the standard deviations differ significantly [1, 5, 10, 15, 26] . The heterogeneity of standard deviations was verified for each factor using a Bartlett [32] test or, when the fixed effect had two sublevels only, an F test [32, 38] .
Additive correction factors for the levels of each fixed effect were estimated as the difference between the mean of each class and the mean of one of the classes which was arbitrarily fixed [6, 15, 30] . For the multiplicative correction, we followed a similar procedure, i.e., we calculated each factor as the ratio between the standard of the reference mean, that usually is the mean of the largest subclass [6, 15] , and the mean of each one of the other subclasses. Therefore, we calculated the correction factors according to the following equations. Note that A i is the mean of the analysed variable for the "i" subclass (i = 1 , 2 , ..., n) of "A" fixed effect, and A 1 is the standard of the reference mean.
Additive correction Multiplicative correction factor (ACF) factor (MCF)
When some of the factors did not show the same pattern of homogeneity or heterogeneity for all variables, we followed the procedure described by Cundiff et al. [10] and Izquierdo [15] . In this process, two new data bases were created, each of them including modified records according to one type of correction factor (additive or multiplicative). We subsequently assessed each correction factor in terms of the homogeneity of deviations of the corrected variables.
RESULTS
A preliminary analysis of variables including all the factors allowed us to determine which fixed effects were appropriate. Note that the preliminary model for birth weight did not include the calving difficulty factor because, according to the literature, the cause-effect relation is inverse [3, 8, 16, [23] [24] [25] . There were differences among the levels of the factors for all variables except for calving difficulty (Tab. I). All traits were similarly affected by the known sources of variation (P < 0.01) (Tab. II). Males were heavier (P < 0.01) than females at birth and weaning, with a faster (P < 0.01) preweaning growth rate. Single calves were similarly heavier (P < 0.01) than twins. Both birth and weaning weight, as well as daily weight gain, increased until the cow reached maturity, at an age of 5 years.
Means for birth weight fluctuated without a clear tendency as far as the month of calving was considered. A marked decrease (P < 0.01) was found during July and August. The averages for weaning weight and daily weight gain showed a similar pattern, with a marked reduction (P < 0.01) in the calves born from April to July. No clear tendency was observed with regards to the year of calving.
Standard deviations were heterogeneous for the two sex levels (Tab. III). The multiplicative correction factor was regarded as the most appropriate (Tab. IV).
On the contrary, birth type showed homogeneity of standard deviations for the three analysed variables (Tab. III), so that the additive correction became preferable (Tab. IV). Values were calculated relative to figures for male and single calves.
Standard deviations within the levels of the age of the dam at calving were homogeneous for WW and DWG but heterogeneous for BW (Tab. III). It was not obvious which correction factor was appropriate for this fixed effect. Thus, we calculated the two possible correction factors, relative to the mean of calves born from more-than-6 year old cows (>6) (Tab. V). In considering all the variables, the application of the additive correction factor was better, because the standard deviation of the estimated values of the residual standard deviations in every level was lower than when the multiplicative correction was applied. The differences between the standard deviations of age of the dam levels of each variable were statistically significant when compared through a Bartlett test, except for BW. Therefore, although the additive correction failed at homogenising the data completely, it was preferred to the multiplicative correction.
DISCUSSION
Productive traits of beef cattle like birth weight (BW), weaning weight (WW) or daily weight gain (DGW) are time correlated 46 J. Casellas, J. Piedrafita measures when the dam influence is considered, because they contain a common contribution from the same animal. Then, these variables can be studied with a repeated measures analysis [7, 21] considering that, in most cases, each dam contributes various calves to the analysis and the records of these brothers are correlated. The dam effect, which implies a random source of variation, was considered initially, but later mixed models were rejected due to important incompatibilities with the structure of our data base. An important percentage of our dams contributed only one calf (33.0% in BW, and 41.5% in WW and DGW). This implies that the measures of all these only sons were not correlated with other records, and this data base structure, with many uncorrelated Correction factors in Bruna dels Pirineus 47 NS: not significant; *P < 0.05; **P < 0.01; ***P < 0.001. records, implied biases when residual standard deviations were estimated. On the other hand, least square means are claimed to be preferable when the design is unbalanced [29] but in our data base, the animals with poor weights and growths were over-represented because they were distributed across all sublevels of each fixed effect whereas the heavier calves were grouped into a few sublevels. As a consequence, all least square mean estimates were lower than the overall arithmetic mean. For these reasons, we decided to assume fixed models. According to several studies [2, 14, 21] , the standard errors from models that ignore random effects were smaller than the mixed models and then, they probably were underestimated.
According to the results of a preliminary analysis of variables including all the factors, only birth difficulty did not arrive to the P = 0.01 significance level for all variables. This fact suggests that some birth problems would not affect the subsequent growth of the calf. On the other hand, although the type of birth significantly influenced all variables, the major part of the differences observed in WW between calves coming from single and double births originated in differences in birth weight. This fact emphasises the excellent maternal ability of the Bruna dels Pirineus cow that is capable of coping with the rearing of two calves at a time with high DWG. This maternal ability reached its maximum when the cow was 5 years old (mature age). Furthermore, the other two analysed variables also increased until the cow reached maturity. Similar results for birth weight have been described by Sierra [31] in Spanish Brown Swiss cattle before being selected for milk production, Villalba et al. [36] in the Brown Swiss and Pirenaica, and Benyshek et al. [3] in the Simmental. The increase of birth weight until the dam attains maturity has also been documented in Simmental calves [3] , Limousine calves [22] , Suffolk lambs [15] , and South African Mutton Merino and Dormer lambs [8] . Weaning weight and daily weight gain were comparable with the results obtained in the Spanish Brown Swiss [31] , and Brown Swiss and Pirenaica [36] . Various authors have also observed the increase of weaning weight until the dam reaches maturity [3, 10, 15, 20] .
The levels of the sex of the calf showed heterogeneous standard deviations, which were comparable to the results of several studies in beef cattle [1, 5, 10, 11, 18, 19, 26, 27, 35] and in sheep [15] . On the contrary, the additive correction factor was preferable for birth type.
The standard deviations of the levels of cow age were either homogeneous or heterogeneous depending upon the traits studied. Similar results have been described in Hereford and Angus cattle [10] , and in Suffolk lambs [15] . According to the results of Table V, the additive correction was better, although some heterogeneity of standard 48 J. Casellas, J. Piedrafita 
